Introduction
Classic carcinoma originating from the cystic duct, i.e., cystic duct cancer (CDC) was defined by Farrar as (a) growth restricted to the cystic duct; (b) absence of neoplasia in the gallbladder, hepatic ducts, or common bile duct; and (c) histological confirmation of carcinoma cells in the mass. 1 Classic CDC is a rare tumor that has been identified in only 2.6% of all bile duct and 1.5% of all gallbladder cancers. [2] [3] [4] [5] Recently, some authors reported that the compared with the new classification of CDC, CDC defined by the classic definition of 60 years ago is outdated, and many CDCs are detected only when they are at a far advanced stage. [6] [7] [8] However, patients with the classically defined CDC have good outcomes after surgery and lower rates of regional lymph node metastasis than do gallbladder cancer patients. 9 Therefore, diagnosis of and therapy based on the status of classic CDC are very important.
We report a case of asymptomatic CDC that was suspected preoperatively, and we discuss the available diagnostic and therapeutic strategies for surgical treatment from our experience with the present case and with reference to previously reported cases.
Presentation of case
A 78-year-old Japanese woman underwent a medical examination for symptom-free mild liver dysfunction. The patient had hypertension and a past history of cerebral infarction. Enhanced computed tomography (CT) and ultrasonography both showed a hypervascular tumor of 10 mm in diameter in the cystic duct (Figs. 1 and 2); therefore, additional detailed studies were undertaken. Laboratory blood tests were normal except for slight hyperglycemia and a high value of carbohydrate antigen 19-9 (CA19-9) of 99.3 U/ml (normal range: <37 U/ml). A cytological examination was performed with endoscopic retrograde cholangiopancreatography (ERCP) rather than magnetic resonance cholangiopancreatography (MRCP) because CT showed the tumor to be in the cystic duct. The ERCP revealed an obstruction of the cystic duct and no pancreaticobiliary maljunction (Fig. 3) . Three cytological examinations of bile taken from the endoscopic nasobiliary drainage tube did not reveal any cancer cells. However, the tumor was suspected to be malignant due to the hypervascularity shown by CT. No regional lymph node swelling, metastasis or direct invasion to adjacent organs was detected on chest and abdominal CT scans. We then performed cholecystectomy, extrahepatic bile duct resection and regional lymph node dissection (D2) followed by hepaticojejunostomy.
The surgically resected specimen showed a 6.0 mm × 5.0-mm nodular infiltrating tumor surrounded by shallow ulcer, 11 mm × 10 mm in diameter, that was restricted to the cystic duct (Fig. 4) . The pathological study demonstrated the presence of moderately differentiated tubular adenocarcinoma and classified according to the Classification of Biliary Tract Carcinoma of the Japanese Society of Biliary Surgery (2nd English edition) (pStage: II; invasion level: subserosa; lymphatic duct invasion: not detected; vessel invasion: not detected; pHinf0, pBinf0, pPV0, pA0, pBM0, pHM0, pEM0) (Fig. 5) . Regional lymph node, liver and distant metastasis and peritoneal dissemination were not noted (pN0, H0, M0, P0). The patient is currently in good health without recurrence at 21 months after surgery. 
Discussion
Classic primary CDC was defined in 1951 by Farrar, 1 but that definition excluded advanced CDC, which invades the gallbladder or common bile duct. 6-8 Accordingly, Sasaki et al., 5 Yokoyama et al. 6 and Nakata et al. 7 provided new classifications and clinical and pathological features of CDC, and the CDC based on this new classification is not rare, comprising 22-24% of all gallbladder cancers. However, even now the CDC fulfilling Farrar's criteria is known to be rare and to have a better prognosis compared with that in locations in the other biliary ducts and the gallbladder. 5,9,10 One reason for this favorable outcome is that the rate of lymph node metastasis with subserosal-invading CDC (6.7%) is less than that with gallbladder cancer (39-46%) and upper and middle-lower biliary duct cancer (38-39%). 9, [11] [12] [13] To date, however, there remains no good reason why CDC not invading the subserosa results in less lymph node metastasis. We would hypothesize one possible reason for the problem as follows: the major feeding artery and drainage vein for the gallbladder are the cystic artery and vein, respectively, and those for the common bile duct are the hepatic artery and portal vein, respectively. Namely, the gallbladder and the common bile duct are supplied by major "dependable" vessels with abundant blood flow. In contrast, the cystic duct has no major feeding or drainage vessels, excluding blood capillaries from the four above-mentioned vessels, suggesting that the cystic duct is not well supplied by any major "dependable" vessels. This condition of the cystic duct might be similar to that of lymphatic flow: "undependable" lymphatic flow might play some role in producing an outcome from CDC that is better than that of the gallbladder cancers. At the very least, future oncological, pathological and surgical studies will be required to determine the exact cause of the lower lymph node metastasis seen in many patients with CDC.
Typical symptoms and findings of CDCs have been reported by several authors and include right upper quadrant pain, jaundice, fever, hydrops of the gallbladder, and/or increasing serum total bilirubin levels, which are usual symptoms of gallbladder stones due to cystic duct obstruction. 7, 8, 10, 14, 15 However, there are some asymptomatic cases such as that reported by Miura et al. 16 and our case. To detect CDC at an early stage, with the exception of a gallbladder stone in the cystic duct, the physician must suspect a mass in the cystic duct if the duct and/or gallbladder is not imaged by MRCP, ERCP or drip infusion cholecystocholangiography CT. After obtaining such diagnostic information and the patients' informed consent, the patients can be referred for surgical exploration or resection, as in our case. However, patients who reject the surgical procedures might need further examinations (e.g., intraductal ultrasonography, contrast-enhanced color Doppler endoscopic ultrasonography, peroral cholangioscopy or cytological examination) to determine whether they should be left treated and closely observed instead. Some authors report that the typical surgical procedure for CDC is resection of the gallbladder and the extrahepatic bile duct with lymph node dissection in the hepatoduodenal ligament 14, 17 and that for more advanced CDCs, combined resection with hepatectomy or pancreatoduodenectomy might be necessary because perineural or lymphatic infiltration can potentially be present in the adjacent organs through hepatoduodenal or hepatic routes. 6, 7, 14 However, from the viewpoint of mini-invasive procedures, open or laparoscopic cholecystectomy alone might be a mini-invasive approach for early CDC limited to the cystic duct located close to the gallbladder, as in early gallbladder cancer (e.g., depth of mural invasion, m; mp). 18 The procedure would not be applicable to advanced CDC located close to the gallbladder because of remnant cancer at the cut end and insufficient lymph node dissection in the hepatoduodenal ligament. In contrast, resection of the gallbladder and the extrahepatic bile duct with lymph node dissection in the hepatoduodenal ligament are preferable for CDC located close to the common bile duct. 18 Moreover, hepatectomy and/or pancreaticoduodenectomy may be recommended in patients judged to be tolerant to these procedures and may offer the possibility of curative resection with a strict diagnosis of advanced CDC located close to the common bile duct because of perineural or lymphatic infiltration. 6, 7, 14, 18 
Conclusion
In the future, expanded oncological, pathological and surgical knowledge of CDC might bring many patients a relevant diagnosis and allow treatment with a mini-invasive surgical procedure. Diagnosing CDC as early as possible contributes to the avoidance of extended resection including that of adjacent organs such as the pancreas, duodenum or liver. Although there is still room for consideration, cholecystectomy might be preferable as the treatment for early CDC in some cases.
Key learning points 1. Cystic duct cancer (CDC) as defined by Farrar is rare and has a better prognosis than gallbladder cancer.
2. There remains no good reason why CDC not invading the subserosa results in less lymph node metastasis.
